Abstract: This experiment was designed to assess the recovery of nutrient from aquaculture pond effluent by lotus (Nelumbo nucifera) and cane shoot ( Zizania latifolia) cultivation field based on the pit-testing experiment .The results showed that under retention water management, the recycling rate of cane shoot and lotus root test pit on TN, TP and COD Mn in the aquaculture wastewater was increased with the retention time ,in which the difference of TN and TP was significant when the retention time was longer than 24 h. Under surface flow operation, the removal efficiency on NO /h. The microbial diversity indices of effluent from both the two vegetable test pits were significantly higher than those of influent water under the retention water management and significantly lower than those of influent water under surface flow operation. Comprehensively considering, retention management is more preferable and retention time should be longer than 24 h .The present experiment confirmed that ex-situ treatment of aquaculture wastewater by lotus and water bamboo cultivation field is feasible and effective in recycling nutrients in the aquaculture wastewater and reducing nutrient pollution discharge. The integration of pond aquaculture and aquatic vegetable production are environmentally friendly and more research is needed to provide efficient management strategies during the practical integration practice.
Introduction
Fishponds accounted for 42.7% of the inland aquaculture area in China and provided 69.3% of the total freshwater aquaculture production [1] . As the most important aquaculture mode in China, fishpond production guarantees the supply of aquatic products for modern society and provides the most efficient means of production for high quality and inexpensive animal protein in China. However, during the large scale intensification in pond aquaculture in China for the recent two decades, large quantities of baits, fertilizers and drugs have been poured in the pond , leading to the discharge of over 300 million cubic meters aquaculture wastewater and exacerbating the eutrophication and pollution of streams, rivers and lakes [2] . Therefore, the problem that needs urgent solution currently is how to maintain the environmental suitability while improving the output facing the more and more stringent nutrient discharge limits of freshwater waste [3] . A number of methods have been investigated to mitigate pollution from pond effluent. Constructed wetland was used for treatment of pond effluent with significant results [4, 5] . Using grass turf to filter pollutants from channel catfish pond effluent, however, was less effective [6] . Paddy field was confirmed the high recovery of the nutrient from pond effluent [7] . From the economic aspects of treating effluent from channel catfish ponds, Kouka and Engle (1996) concluded that use of wastewater for crop irrigation was most cost-effective [8] . Aquaculture wastes are valuable nutrient resources and can be reused through integration of aquaculture-aquaculture and aquaculture-agriculture systems. Furthermore, pond aquaculture and aquatic vegetable cultivation in lowland areas in southern plain lake regions of Yangtze River Basin are relatively common and it is feasible to integrate the aquatic vegetable cultivation with pond aquaculture.
In this study, a pit-testing experiment was conducted using pond effluent to irrigate aquatic vegetable to study the purification and nutrient recycling effect of aquatic vegetable cultivation field on aquaculture effluent and the optimum and practical operational requirements during the integration, ultimately to provide the efficient management strategies in minimizing waste load from freshwater aquaculture pond effluent.
Materials and Methods
Experiment Design. The experiment site is located in Jingzhou city (30°16' N, 112°18' E), Hubei Province, China (central China, typical subtropical climate). The experiment was conducted in 6 test pits (L×W×H＝1.5m×2.0m×1.2m) with 3 replicates for the two aquatic vegetable lotus (Nelumbo nucifera) and cane shoot ( Zizania latifolia), each pit was equipped with relatively independent water supply and drainage devices, and 40 cm thick sediment was embedded in the test pits. According to the farmers' normal practice, the lotus planting density was 0.5 m of row pitch and 0.5 m of plant spacing. The cane shoot planting density was 0.3 m of row density and 0.3 m of the plant spacing. When the test was conducted, the aquaculture wastewater in one adjacent intensive aquaculture pond was pumped to the test pits. As water quality in aquaculture pond is usually inclined to deteriorate during the middle and later period of culture that the deteriorated water was exchanged and released to the receiving water, this experiment was conducted from August to September, 2013.
Physico-chemical and Microbial Analysis. To study the purification effect of the aquatic cultivation field for aquaculture wastewater under water retention management, the pond wastewater was pumped into the test pits keeping the 50 cm thickness of the water layer and retained for 0 h, 3 h, 9 h, 24 h, 33 h and 57 h respectively. The influent and effluent water at each retention time was collected using plastic bottles and brought back to the laboratory for physico-chemical analysis. According to the pre-experiment, the water samples of influent and the effluent after 24 h retention were collected in sterile glass bottles (500 ml) for microbial analysis. To study the purification effect under surface flow management, the rate of inflow was adjusted so that the aquaculture wastewater was slowly flowing on the surface of sediment in the test pits. The influent and effluent water samples were collected at the two surface flow rates of 0.08m 3 /h were collected in sterile glass bottles (500 ml) for microbial analysis.
The ammonia nitrogen (NH 4 + -N), nitrite nitrogen (NO 2 --N), total nitrogen (TN), total phosphorus (TP), and Chemical Oxygen Demand (COD Mn ) were analyzed according to the reference [9] . BIOLOG Eco-plates (BIOLOG Inc., Hayward CA., USA) consisting of 96 wells, with 31 different carbon sources and a blank in triplicate, were used to determine the community-level physiological profiling of microbial populations in the water. Each well of the plate was inoculated with 150 μL of water sample and the plates were incubated in the dark at 25°C. Color development in the plates was measured every 24 hours at 590 nm using a BIOLOG reader until the end of incubation at 168 h.
Data Analysis. The functional diversity of the microbial communities was characterized using the raw absorbance values for each well blanked against the control well. Negative absorbance values were set to zero according to Garland [10] . The diversity indices, including the Shannon index (H'), Simpson index (D), Shannon evenness index (Eh), McIntosh index (U), and McIntosh evenness index (Eu), were used to assess water microbial functional diversity [11] .
Statistical analyses were performed using SPSS 18.0 (SPSS Inc., Chicago, IL, USA). Differences between means were compared using one-way analysis of variance (ANOVA). Means were considered to be significantly different at a 95% confidence level. The values in the figures and tables corresponded to the mean ± standard deviation (SD). -N and TN concentrations of the pond wastewater significantly decreased after 33 h retention, and the COD Mn concentrations significant decreased after 57 h retention while the TP concentrations did not display a significant difference after 57 h retention comparing to the concentrations in influent; The NH 4 + -N concentration significantly decreased after 3 h retention and subsequently increased; after 57 h retention, the concentration significantly dropped again. Removal rate of aquatic vegetable cultivation field on aquaculture wastewater along with retention time are shown in Figure 1 . It was found that the removal rate of cane shoot test pits on TN was significantly higher than that of lotus root test pits. Changes of the microbial diversity. BIOLOG Eco-plate technology was employed to investigate the changes of microbial metabolic diversity of aquaculture wastewater after purified in the lotus root and cane shoot planting test pits. From Table 3 , it can be seen that all the microbial diversity indices of effluent from lotus root and cane shoot test pits were significantly higher than those of influent water under the retention water management and significantly decreased than those of influent water (P﹤0.05). However, there was no significant difference between lotus root and cane shoot test pits under the same mode of water management (P﹥0.05). 
Discussion
Effluent from aquaculture ponds was an important point source of pollution. Wastewater without treatment, if continuously discharged into the aquatic environment, could result in remarkable elevation of the total organic matter contents and cause considerable economy lost. As specific regulations and standards for developing environmental friendly aquaculture has been shaped, countermeasures should be taken to safeguard the environment for sustainable production of aquatic products. Cultivating aquatic plants in fish pond can effectively reduce the pollution in aquatic aquaculture [12, 13] . Field that was cultivated lotus root was applied in processing domestic sewage [14] . The integration of aquaculture and loach and mud eel could improve economic benefits [15] . The waterlogged lowland in northern Jiaxing of Zhejiang Province in China were transformed into paddies with integration of pond aquaculture and aquatic economic crops such as lotus root, Trapa acornis Nakai and cane shoot which were locally suitable. Yang et al. (2002) demonstrated the effectiveness of nutrient removal from old pond mud by lotus and the feasibility of rotation and co-culture of lotus and Nile tilapia [16] . Different from the above-mentioned study in which nutrients were recycled effectively within ponds by the aquatic vegetable, the ectopic employing of adjacent aquatic vegetable cultivation field does not involve planting inside the pond, thus not affecting the operation of pond aquaculture. Under the retention operation, the recycling rate of cane shoot and lotus root cultivation test pits on TN, TP and COD Mn in aquaculture wastewater was increased with the retention course ,in which the difference of TN ,TP was significant when the retention time was longer than 24 h，indicating that the pollutant load were one of the main dependent factors for N and P removal . Under the surface flow operation, the removal rates of the two test pits on NO 2 --N, NH 4 + -N, TN ,TP and COD Mn were 11.30%~26.27%, 8.30%~26.60%, 1.87%~20.60% ,11.00%~ 19.70% and 23.00%~30.65% with short retention time of 4.8h and 7.7 h. The removal mechanisms of N and P from wastewater by the aquatic vegetable cultivation field may be mainly through the sediment adsorption, iron exchange, and plant uptake .The particulate N and P, which is the highest N and P fraction in aquaculture effluent, will detention and decompose as long as enough detention time. These results indicated that both the lotus root and cane shoot cultivation field can uptake and remove the nutrient from the aquaculture pond effluent. The microbial diversity indices of effluent from both the two vegetable test pits were significantly higher than those of influent water under the retention water management and significantly lower than those of influent water. This could possibly be due to the fact that the residence time was not long enough for the growth of microbial communities during surface flow water management. Therefore, detention water management is more preferable when employing aquatic vegetable cultivation field to purify the pond aquaculture wastewater for its prevention of the decrease of microbial diversity in the surrounding water environment and water reuse feasibility for pond aquaculture. Except for the removal efficiency, comprehensively considering the seepage and evaporation of the cultivation field and the wastewater treating load, optimal detention time should be longer than 24 h.
The present study demonstrated that nutrient from aquaculture pond effluent could be reused by both the lotus root and cane shoot cultivation field. Therefore, in the middle and lower reaches of Yangtze River and the southern plain lake regions where aquatic economic vegetable cultivation field distribute adjacent to the aquaculture pond, the pond aquaculture wastewater can be retained in the nearby vegetable cultivation field before discharging to the environment .This kind of integration could contribute to the reduction of inorganic nutrient discharge into waters, decreasing the potential for outbreaks of devastating and costly hypertrophic events. The N and P could be captured and converted into the production of saleable vegetable while minimizing the use of fertilizer. We only studied the nutrient removal efficiency of cultivation field during August to September when the pond exchange wastewater is releasing. We assume that it is also feasible during harvest season usually in October and November although the aquatic plant is in the wilting stage with probably less effective purification. Alternatively, after draining the surplus sludge detained in the pond can be pumped into the cultivation field to the aquatic vegetable when treating the sediment between crop when mandatory effluent and sludge control measures were to be enforced. Moreover, this integration was relatively easy and inexpensive, and the vegetable cultivation field treated effluent could even be pumped back into ponds and be reused for fish production.
Conclusions
Under the retention operation, the recycling rate of cane shoot and lotus root on TN, TP and COD Mn in aquaculture wastewater was increased with the retention course in which the difference of TN and TP was significant when the retention time was longer than 24 h. Under surface flow operation, the removal efficiency of vegetable cultivated field on NO /h. The microbial diversity indices of effluent from both the two vegetable test pits were significantly higher than those of influent water under the retention water management and significantly lower than those of influent water. Comprehensively considering, detention water management is more preferable and detention time should be more than 24 h.
The nutrient from aquaculture pond effluent could be reused by both the lotus root and cane shoot cultivation field thus the pond aquaculture and aquatic vegetable production can be integrated to mitigate pollution from pond effluent to receiving waters meanwhile maximize the use of surplus materials in the pond wastewater. More research including economic development is needed to optimize a suitable and efficient strategy for the integration during the practical application.
